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@ Method for manufacturing a capacitor of a semiconductor device. 



<E) Disclosed is a method for manufacturing a ca- 
pacitor of a semiconductor device. After forming a 
polycrystalHne layer (50) composed of grains with 
microscopic structure to include an impurity (70) in 
them, the polycrystalline layer is etched to cut the 
boundary portions of the grains, thereby allowing the 
surface of the polycrystalline layer to be rugged. The 
micro-trenches (1) or micro-pillars (11) are formed 
by using the oxide layer or an anisotropic etching 
after exposing the surface of the first rugged poly- 
crystalline layer, and epitaxial grains (95) are formed 
by epitaxial growth, so that cell capacitance can be 
further Increased. The simple process allows the 
formation of a reliable semiconductor device having 
regularity and reproducibility, and capable of in- 
creasing and adjusting the cell capacitance easily. 



FIG- 11 



FIG. 22 
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BACKGROUND OF THE INVENTION 

The present invention relates to a nnethod for 
manufacturir^ a capacitor of a semiconductor de- 
vice, and more particularly to a method for manu- 
facturing a capacitor of a semiconductor device 
utilizing the microscopic structure of a polycrystal- 
tine silicon. 

The stacked capacitor cell which uses a silicon 
nitride layer as a dielectric film and a polycrystal- 
line silicon layer as an electrode has been widely 
adopted in DRAM cells from 1Mb DRAMs. How- 
ever, along with the trend toward high packing 
density in DRAMs, sufficient cell capacitance is 
difficult to secure using the conventional stacked 
capacitor cells having a simple structure. Thus, 
methods for enlarging the effective area of a ca- 
pacitor are being attempted; such as a tantalum 
oxide layer having high dielectric constant being 
employed in place of a previously-used silicon 
nitride as the dielectric film, or changing tiie struc- 
ture of the stacked capacitor. 

In one method among these methods for en- 
larging the capacitor's effective area, the poly- 
crystalline silicon layer utilized as a storage elec- 
trode of the capacitor is fonmed so that its surface 
is rugged. This ruggedness can be attained by an 
etching of the surface of the polycrystalline silicon 
layer, or by controlling the generation conditions of 
the polycrystalline silicon layer during its growth. 
Here, the latter is considered to be expectant ca- 
pacitor formation method because it can be re- 
alized by a relatively simple process. 

FIQs. 1 & 2 and 3-5 are views for illustrating 
the conventional methods which control the genera- 
tion conditions of the polycrystalline silicon layer, 
to create a rugged surface thereof. 

To begin with, a metiiod for making the surface 
of a polycrystalline silicon layer rugged by control- 
ling the generation conditions thereof which has 
been suggested by Yoshimura et al. will be ex- 
plained ("Rugged Surface Poly-Si Electrode and 
Low Temperature Deposited SiaN* for 64Mbit and 
beyond STC DRAM Cell" by M. Yoshimura et al.. 
lEDM 1990. pp. 659-662). Here. FIGs. 1 and 2 are 
photographs for describing the method for manu- 
facturing a capacitor of a semiconductor device by 
the Yoshimura method. More particularly, FIG. 1 
illustrates a prior art technology depicted as a 
series of SEM photographs which shows the vari- 
ation in surface morphology (degree of rugged- 
ness) of polycrystalline silicon layer, according to 
Its deposition temperature and for a given deposi- 
tion thickness (0.1 um). Also, FIG. 2 Illustrates a 
prior art technology depicted as a series of SEM 
photographs which shows the variation in surface 
morphology (degree of ruggedness) of a poly- 
crystalline silicon layer, according to its deposition 



tiiickness and for a given deposition temperature 
(570 -C). 

From the teaching of Yoshimura et al., it can 
be noted that the degree to which the surface is 

s rugged varies depending upon the deposition tem- 
perature (refer to FIG. 1) and deposition thickness 
(refer to FIG. 2). That is, Yoshimura et al. teach that 
the surface is most markedly rugged when the 
polycrystalline silicon layer is deposited to a thick- 

10 ness of 0. 1um at a temperature of about 570*0. 
Given a constant capacitor size and structure, the 
effective cell capacitor area obtained from the use 
of the rugged polycrystalline silicon layer intro- 
duced in the above paper is approximately 2.5 

16 times that obtained by way of a polycrystalline 
silicon layer having a smooth surface. 

FIGs. 3 through 5 are sectional views showing 
another conventional method for manufacturing the 
capacitor of the semiconductor device suggested 

20 by M. Sakao et al. ("A Capacitor-Over-Bit-line 
(OOB) Oell with a Hemispherical-Grain Storage 
Node for 64Mb DRAMs" by M. Sakao et al.. lEDM 
1990. pp. 655-658). 

After forming a central storage electrode 20 on 

25 a semiconductor substrate 10 (FIG. 3). a poly- 
crystalline silicon layer 30 having hemispherical- 
grains is deposited on the whole surface of the 
structure (FIG. 4). Successively, a predetermined 
anisotropic etching is carried out on th© whole 

30 surface of the resultant structure, so that the shape 
of the hemispherical-grain is transferred to the cen- 
tral storage electrode, completing storage elec- 
trodes formed of 20a and 30a whose surface is 
rugged (FIG. 5). 

35 Polycrystalline silicon layer 30 having tiie 

hemispherical-grain which is deposited on the re- 
sultant structure having the central storage elec- 
trode thereon is obtained such tiiat 20% He-diluted 
silane (SiHf) is deposited on the semiconductor 

40 substrate, in a specific condition of 1.0 torr and at 
550 • C. This is similar to the metiiod of the paper 
cited with reference to FIGs. 1 and 2 in that the 
surface of the polycrystalline silicon layer is also 
made rugged by controlling the generation con- 

45 ditions of tiie polycrystalline silicon layer. 

FIGs. 6 through 8 are views for illustrating still 
another conventional method for manufacturing a 
semiconductor device suggested by Pien-e C. 
Fazan and Akram Dttall ("Electrical Characterization 

50 of Textured Interpoly Capacitors for Advanced 
Stacked DRAMs" by Pierre C. Fazan and Akram 
Ditali, lEDM 1990. pp. 663-666). 

After depositing a polycrystalline silicon layer 
50 to a thickness of about 200-300nm on a seml- 

56 conductor substrate 1 0. phosphorus ions are doped 
(FIG. 6). At tills time, the phosphorus ions are for 
the most part doped on the boundary portions of 
the grains constituting the polycrystalline silicon 
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layer. This is because the bonding force between 
the silicon ions of those portions is weaker than 
that in other portions. Successively, the surface 
portion of the resultant structure is subjected to a 
wet oxidization at a temperature of about 807 'C. i 
Here, since the water molecules (H2O) supplied 
during the wet oxidation, react with the silicon atom 
constituting the polycrystalline silicon layer in the 
boundary portions of the grains greater than the 
other portion, a greater than average amount of n 
silicon dioxide (SiOa) 60 is generated in this por- 
tion, thereby fomning rugged polycrystalline silicon 
layer 50a (FIG. 7). If the resultant structure with the 
silicon dioxide is wet etched, grooves occur in the 
portion (i.e., the boundary portions of the grains) 7f 
with greater silicon dioxide, so that the rugged and 
uneven polycrystalline silicon layer 50a is obtained 
(FIG. 8). According to such a method, cell capaci- 
tance can be increased by about 34%. 

According to the above methods, the surface of 2c 
the polycrystalline silicon layer is rugged, using the 
weak bonding force in the boundary portions of the 
grains constituting the polycrystalline silicon layer. 
As compared with the effective area of the ordinary 
polycrystalline silicon layer (whose surface is not 25 
rugged), the method for enlarging the effective area 
by making the surface of the polycrystalline silicon 
layer rugged greatly contributes to packing density 
of the DRAMs, since a two to three times larger 
effective area can be obtained. However, the meth- 30 
od for obtaining the ruggedness by controlling con- 
ditions for the generation of the polycrystalline sili- 
con layer (FIGs. 1 & 2 and 3-5) has problems with 
respect to regularity and reproducibility. Also, the 
method for making the surface rugged by directly 35 
etching the polycrystalline silicon layer according 
to Fazan et al. has problems in securing sufficient 
cell capacitance. 

SUMMARY OF THE INVENTION 40 

Accordingly, it is an object of the present in- 
vention to provide a method for manufacturing a 
capacitor of a semiconductor device capable of 
increasing cell capacitance by easily making the 4S 
surface of a first electrode rugged. 

It is another object of the present invention to 
provide a method for manufacturing a capacitor of 
a semiconductor device capable of forming a reli- 
able capacitor. 

To achieve the above object of present inven- 
tion, according to the present invention, there is 
provided a method for manufacturing a capacitor of 
a semiconductor device Including a first electrode, 
a dielectric film, and a second electrode, wherein a 55 
method for forming the first electrode comprises 
the steps of: forming a polycrystalline layer com- 
posed of grains of microscopic structure to allow 



an impurity to be Included within them, on a semi- 
conductor substrate; and etching the polycrystalline 
layer including the impurity to cut the boundary 
portions of the grains, so as to make the surface of 
the polycrystallir^ layer rugged. 

Also, according to the present invention, there 
Is provided a method for manufacturing a capacitor 
of a semiconductor device including a first elec- 
trode, a dielectric film and a second electrode, 
wherein a method for forming the first electrode 
comprises the steps of: forming a polycrystalline 
layer having a rugged surface on a semiconductor 
substrate; forming an oxide layer on the poly- 
crystalline layer and anisotropically etching the ox- 
ide layer formed on the resultant structure to leave 
the oxide layer between the grains constituting the 
polycrystalline layer and thus form a mask com- 
posed of the oxide layer; forming a micro-trench in 
the polycrystalline layer by anisotropically etching 
the rugged polycrystalline layer to a predetermined 
depth, using the mask composed of the oxide layer 
as an etch-mask; and removing the etch-mask. 

Further, there is provided a method for manu- 
facturing a capacitor of a semiconductor device 
including a first electrode, a dielectric film and a 
second electrode, wherein a method for forming 
the first electrode comprises the steps of: forming 
a polycrystalline layer having a rugged surface on 
a semiconductor substrate; forming an oxide layer 
and anisotropically etching the oxide layer formed 
on the resultant structure to leave the oxide layer 
between the grains constituting the polycrystalline 
layer and thus form an epitaxial mask composed of 
the oxide material; growing an epitaxial grain on the 
exposed portion of the rugged polycrystalline layer, 
using the epitaxial mask; and removing the epitax- 
ial mask. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects and other advantages of the 
present invention will become more apparent by 
describing in detail a prefen-ed embodiment thereof 
with reference to the attached drawings in which: 
FIG. 1 illustrates a prior art technology depicted 
as a series of SEM photographs which shows 
the variation in surface morphology (degree of 
ruggedness) of a polycrystalline silicon layer, 
according to its deposition temperature and for a 
given deposition thickness (0. lum); 
FIG. 2 illustrates a prior art technology depicted 
as a series of SEM photographs which shows 
the variation in surface morphology (degree of. 
ruggedness) of a polycrystalline silicon layer, 
according to its deposition thickness and for a 
given deposition temperature (570 'C); 
FIGs. 3 through 5 are sectional views for illus- 
trating a conventional metiiod for manufacturing 
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a capacitor of a semiconductor device; 
FIGs. 6 through 8 are sectional views for Illus- 
trating another conventional method for manu- 
facturing a capacitor of a semiconductor device; 
FIGs. 9 through 1 1 are sectional views for illus- 
trating a first emt>odiment of a method for man- 
ufacturing a capacitor of a semiconductor device 
according to the present Invention; 
FIGs. 12 through 15 are sectional views for 
illustrating a second embodiment of a method 
for manufacturing a capacitor of a semiconduc- 
tor device according to the present invention; 
FIGs. 16 through 19 are sectional views for 
illustrating a third embodiment of a method for 
manufacturing a capacitor of a semiconductor 
device according to the present invention; 
FIGs. 20 through 22 are sectional views for 
illustrating a fourth embodiment of a method for 
manufacturing a capacitor of a semiconductor 
device according to the present invention; 
FIGs. 23 through 26 are sectional views for 
illustrating fifth embodiment of a method for 
manufacturing a capacitor of a semiconductor 
device according to the present invention; and 
FIGs. 27 through 30 are sectional views showing 
the various embodiments of the semiconductor 
device including a capacitor manufactured by 
the methods for manufacturing a capacitor of a 
semiconductor device according to the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinbelow, the present invention will be de- 
scribed in detail with reference to tiie accompany- 
ing drawings. 

Embodiment 1 

FIGs. 9 through 12 are sectional views illustrat- 
ing a first embodiment of a method for manufactur- 
ing a capacitor of a semiconductor device accord- 
ing to the present invention. 

First, FIG. 9 shows a step of forming a poly- 
crystaliine layer 50 on a semiconductor substrate 
10. Here, the polycrystalllne layer is formed by 
depositing a material consisting of a plurality of 
grains having a microscopic structure on semicon- 
ductor substrate 10. using a conventional method, 
e.g., low-pressure chemical vapor depxDsition 
(LPCVD). At this time, tiie material consists of the 
plurality of microscopic grains whose crystalline 
structures are different from one another, wherein 
the grain size depends on the temperature, time 
and thickness of the materiars deposition, and ad- 
jacent grains have different crystalline structures 
from one another. 



In this emt>odlment the deposition temperature 
is atx)ut 500-700 * C but should not be taken In a 
limiting sense. Also, an amorphous silicon, a poly- 
crystalline silicon or a polycrystalline silicon having 

5 hemispherical grains may be utilized as the poly- 
crystalline layer. 

FIG. 10 shows a step of doping an impurity 70 
on the whole surface of the resultant structure. 
Using a material such as phosphorous oxychloride 

TO (POCb), a doped-polycrystalline layer 50a is 
formed by doping phosphorus ions into polycrystal- 
line layer 50. Then, as shown in FIG. 10. the 
phosphorus ion reacts with the silicon ion much 
more in the boundary portions, so that the con- 
is centration of the phosphorus ion in the boundary 
portions becomes higher than in other portions. 
This is because the bonding force between silicon 
ions is weak in the boundary portions of the grains 
as described with reference to FIG. 6. 

20 At this time, the grain sizes differ in conjunction 

with the concentration of the impurity, and when 
the concentration of the impurity is high, the grain 
size is large (as compared with that In low con- 
centi-ation). This is because, the higher concentra- 

25 tion of the impurity is. the longer the required 
doping time is. so that the heat energy supplied 
during the doping process alters the crystalline 
sti'ucture of the grains and thus allows the grains to 
be coupled with adjacent grains, which causes a 

30 phenomenon creating greater grain size. . 

FIG. 11 shows a step of obtaining a rugged 
polycrystalline layer 50b by etching the doped 
polycrystalline layer 50a. When the resultant struc- 
ture obtained in RG. 10 is etched by being ex- 

55 posed to a phosphoric acid (a wet etching or a dry 
etching), the portions where the concentration of 
the phosphoms ion is high, i.e., the boundary por- 
tions of the grains In the polycrystalline silicon, are 
more deeply etched than the other portions, which 

40 results in the rugged polycrystalline layer 50b. This 
is because the phosphoric acid etches a material 
including phosphor more than a material, without 
phosphor. 

According to another embodiment of the 
45 present invention, an impurity as the reference 
numeral 70 in FIG. 10 (a phosphorus Ion is used in 
the present embodiment) which has been doped on 
the unrugged polycrystalline layer (reference nu- 
meral 50 in FIG. 9) is preferably doped again on 
50 the rugged polycrystalline layer 50b, which makes 
the capacitance unlfonmity (Cmln/Cmax) of the rug- 
ged polycrystalline layer 50b good. 

When doping the impurity for activating after 
forming the polycrystalline layer, a large amount of 
55 the impurity is concentrated especially in the 
boundary portions of the grains, so that, relatively, 
the amount of doping in the interior and lower 
portions of the grains becomes small. If em etching 
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Is carried out utilizing this phenomenon, the doping 
concentration on the rugged surlace t>econnes ex- 
tremely small. In other words, the poor overall 
doping uniformity deteriorates the capacitance uni- 
formity, which in turn worsens memory characteris- 5 
tics. Thus, the capacitance uniformity Is enhanced 
by re-doping the impurity on the rugged surface. At 
this time, unrugged poiycrystalline layer 50 is dop- 
ed with an impurity whose concentration is such 
that the undoped poiycrystalline silicon has an to 
average sheet resistance of about SSQAi. Also, rug- 
ged poiycrystalline layer 50b is doped with an 
impurity whose concentration is to allow the poiy- 
crystalline silicon without being doped with the 
impurity to have an average sheet resistivity of 76 
about 80Q/d. 

The re-doping of the impurity on the rugged 
poiycrystalline layer can be adopted to the follow- 
ing embodiments to be described, or can be omit- 
ted as required. 20 

EMBODIMENT 2 

FIGs. 12 through 15 are sectional views illus- 
trating a second embodiment of a method for man- 25 
ufacturing a capacitor of a semiconductor device 
according to the present invention. 

First. FIG. 12 shows a step of forming a poiy- 
crystalline layer 50 on a semiconductor substrate 
10. Using a conventional method, e.g., LPCVD or 30 
the like, a material consisting of a plurality of grains 
having microscopic structure is deposited on the 
semiconductor substrate, thereby fomning poiy- 
crystalline layer 50. Here, the material consists of a 
plurality of grains each having different microscopic 35 
structure wherein the sizes of the grains depend on 
the material deposition temperature, time and thick- 
ness, and adjacent grains have different crystalline 
structure from one another. 

In the present embodiment, the deposition tem- 40 
perature of the material is limited at 500-700 'C. 
but not in an absolutely limiting sense. The ma- 
terial constituting the poiycrystalline layer is any 
one among an amorphous silicon, a poiycrystalline 
silicon and a poiycrystalline silicon having hemi- 45 
spherical grains. Successively, a process for dop- 
ing impurity 70 on the poiycrystalline layer is car- 
ried out, which may be performed after forming the 
poiycrystalline layer or simultaneously performed 
during the deposition of the material constituting so 
the poiycrystalline layer. In the present embodi- 
ment, the phosphorus ion Is doped on the poiy- 
crystalline layer, using a material such as POCI3, 
but the impurity Is not limited to the phosphorus 
ion. The phosphorus ion doped on the polycrystal- 55 
line layer reacts to the silicon ion much more in the 
boundary portions, so that the concentration of the 
phosphorus ion in the boundary portions becomes 



higher than in other portions. This Is t>ecause the 
bonding force between silicon ions is weak in the 
t)Ouhdary portions of the grains as described with 
reference to FIG. 6 in EmtKxJiment 1 . 

At this time, the grain sizes differ in conjunction 
with the concentration of the impurity and the heat 
energy supplied during doping. When the impurity 
concentration is high, the grain size is larger than 
with low concentration. This is t>ecause higher im- 
purity concentration requires a longer doping time, 
so that the heat energy supplied during the doping 
process alters the crystalline structure of the grains 
and thus allows adjacent grains to couple; this 
phenomenon results in greater grain size. In order 
to adjust the size of the grain, thermal treatment 
may be added after doping the impurity. 

FIG. 13 illustrates a step of etching poiycrystal- 
line layer 50. When the resultant structure obtained 
in FIG. 12 is etched by using a phosphoric acid 
(via wet etching or dry etching), those portions 
where phosphorus ion concentration is high, i.e.. 
the boundary portioris of the grains In the poiy- 
crystalline silicon, are more deeply etched than the 
other portions, which results in tiie rugged poiy- 
crystalline layer 50b. This is because tiie phos- 
phoric acid etches materials including phosphor 
more than those witiiout. ft is no doubt that, if 
another material is used as the impurity doped on 
the poiycrystalline silicon, the etchant must be 
changed. 

Generally, the etching solution of the impurity 
should well etch the material including the impurity. 
For instance, if the phosphorus ion is ennpioyed as 
the impurity in the embodiment of the present 
invention, a phosphoric acid superior to any other 
solution which can etch the material including tiie 
phosphorus ion more tiian tiiose witiiout, must be 
used. 

FIG. 14 illustrates a step of growing an oxide 
layer 52 on the whole surface of rugged poiy- 
crystalline layer 50b. When rugged poiycrystalline 
layer 50b is exposed to an oxidizing ambient (wet 
or dry), the silicon atoms constituting the poiy- 
crystalline layer reacts with the oxygen atoms. As a 
resuft, a thin oxide layer 52 is grown on the surface 
of the poiycrystalline layer, which makes poiy- 
crystalline layer 50b even more rugged. A refer- 
ence numeral 50c represents the secondarily 
formed rugged poiycrystalline layer made so by 
such etching and oxidation processes. At this time, 
the oxide layer growth Is greater in the boundary 
portions of the grains, which is because the bond- 
ing force between silicon atoms is weak in the 
grain boundary portions as mentioned with refer- 
ence to FIG. 7. 

FIG. 15 illusti-ates a step of eliminating oxide 
layer 52. Here, tiie resultant structure on which 
oxide layer 52 is grown Is exposed to oxide etching 
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solution (dry or wet), removing oxide layer 52. 

The step of removing oxide layer 52 after hav- 
ing been grown on polycrystalline layer 50b (two 
steps described with reference to FIGs. 14 and 15) 
not only removes the sharp portions of the poly- 
crystalline layer whose surface is made rugged by 
the phosphoric acid, but also, by the oxide layer 
well grown in the grain boundary portions, forms a 
more rugged polycrystalline layer than polycrystal- 
line layer 50b shown in FIG. 11. This prevents a 
leakage current occurring at the sharp portions, so 
that reliability of the memory is enhanced and a 
cell capacitance larger than that obtainable in FIG. 
11 can be secured. 

EMBODIMENT 3 

FIGs. 16 through 19 are sectional views illus- 
trating a third embodiment of a method for manu- 
facturing a capacitor of a semiconductor device 
according to the present invention, which is ex- 
ecuted according to partially changed sequence of 
the steps of the second embodiment. 

The third embodiment will be described with 
reference to the second embodiment hereinafter. In 
the second embodiment, after forming the poly- 
crystalline layer, its surface is made rugged using 
the phosphoric acid, and then the oxide growing 
and removing steps are carried out Meanwhile, in 
the third embodiment, the oxide layer is grown and 
removed immediately after forming the polycrystal- 
line layer, and successively, the phosphoric acid is 
used. At this time, the surface of the polycrystalline 
layer is made rugged once during the oxide layer 
growing and removing steps, and a second time 
during the etching step, using the phosphoric acid. 

FIG. 16 illustrates a step of forming polycrystal- 
line layer 50 on semiconductor substrate 10. As 
described with reference to FIG. 12. using the 
ordinary method, e.g., LPCVD, etc., a material con- 
sisting of a plurality of grains having the micro- 
scopic structure is deposited on the semiconductor 
substrate, thereby forming polycrystalline layer 50. 

FIG. 17 illustrates a step of growing oxide layer 
52 on the whole surface of polycrystalline layer 50. 
When polycrystalline layer 50 is exposed to an 
oxidizing ambient (wet or dry), the silicon atoms 
constituting the polycrystalline layer react to the 
oxygen atoms, so that tiiin oxide layer 52 is grown 
on the surface of the polycrystalline layer, which in 
turn makes polycrystalline layer 50 rugged to thus 
obtain rugged polycrystalline layer 50d. 

FIG. 18 illustrates a step of removing oxide 
layer 52. The resultant structure having grown ox- 
ide layer 52 thereon is exposed to an oxide etching 
solution (dry or wet), thereby removing oxide layer 
52. 



FIG. 19 illustrates a step of etching rugged 
polycrystalline layer 50d. When rugged polycrystal- 
line layer 50d obtained in FIG. 18 is exposed to the 
etching process (wet or dry etching), using the 

5 phosphoric acid, the portions where the concentra- 
tion of the phosphorus ion is high, i.e., the bound- 
ary portions of the grains in the polycrystalline 
silicon, are more deeply etched than the other 
portions, which results in secondly rugged poly- 

10 crystalline layer 50e. 

EMBODIMENT 4 

FIGs. 20 through 22 are sectional views illus- 

IB trating a fourth embodiment of a method for manu- 
facturing a capacitor of a semiconductor device 
according to the present invention, wherein cell 
capacitance is greater than any of those obtained 
by means of the methods of the first, second and 

20 third embodiments. 

Rrst, FIG. 20 illustrates a step of forming an 
etch-mask layer 90 on the resultant structure after 
forming rugged polycrystalline layer 80 in accor- 
dance with the metiiods of tiie first to tiiird embodi- 

25 ments, or the known method. 

A process for forming polycrystalline layer 80 
with rugged surface is performed on semiconductor 
substrate 1 0, using the method of the first to third . 
embodiments or a known method. Then, etch-mask 

30 layer 90 is formed by depositing a material which 
has a different etch rate from the material constitut- 
ing polycrystalline layer 80, e.g., an oxide, on the 
whole surface of tiie polycrystalline layer, using a 
chemical vapor deposition or a thermal oxidation. 

35 At this time, it mgged polycrystalline layer 80 is 
formed by the method descrlt)ed with reference to 
FIGs. 12 through 15, the steps described in FIG. 20 
can be executed without removing the oxide layer 
(reference numeral 52 in FIG. 14). 

40 FIG. 21 illustrates a step of forming an etch- 

mask 90a. wherein a material constituting the etch- 
mask layer on the whole surface of the resultant 
structure is anisotropically etched using the upper 
surface of the polycrystalline layer as an etching 

45 end-point, so that the oxide is left only in grooves 
of rugged polycrystalline layer 80, forming etch- 
mask 90a. 

FIG. 22 illustrates a step of forming a micro- 
trench 1 and a micro-pillar 1 1 . Here, polycrystalline 

50 layer 80 on the whole surface of the resultant 
structure on which etch-mask 90a is formed is 
anisotropically etched, using etch-mask 90a, so 
that the polycrystalline layer is etched to a pre- 
determined depth, thereby forming micro-pillar 11 

65 on the lower portion of etch-mask 90a and micro- 
trench 1 on the other portions. At this time, the 
predetermined depth may be as much as but not 
more than the thickness of the polycrystalline layer. 
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In the case of the former^ the micro-pillars are 
separated when viewing from the sectional view, 
but If viewed from above, micro-pillars are all con- 
nected together. (Although nol shown in the draw- 
ing, micro-trench 1 partially exposes semiconduc- 
tor substrate 10 in FIG, 22.) Then, rugged poly- 
crystalBne layer 80a is obtained by removing etch- 
mask 90a. 

According to the fourth embodiment of the 
present invention, a micro-trench is formed in the 
polycrystalllne layer whose surface has been made 
rugged by means of any one of the methods of the 
first, second arKi third embodiments, thus forming 
a polycrystadlne layer having a surface area ca- 
pable of obtaining a cell capacitance larger than 
that of the polycrystalline layer formed by the 
method of the first to third embodiments. 

EMBODIMENT 5 

FIGs. 23 through 26 are sectional views illus- 
trating a fifth embodiment of a method for manu- 
facturing a capacitor of a semiconductor device 
according to the present invention. 

FIG. 23 illustrates a step of forming an epitaxial 
mask layer 90 on the whole surface of the resultant 
structure after forming rugged polycrystalline layer 
80 in accordance with the methods of first to third 
embodiment, or the known method, as RG. 20 in 
the fourth embodiment. A process for forming poly- 
crystalline layer 80 with rugged surface is per- 
formed on semiconductor substrate 10, using the 
method of the first to third embodiments or a 
known method as in fonming etch-mask layer 90 in 
the fourth embodiment. Then, epitaxial mask layer 
91 Is formed by coating a material different from 
the material constituting polycrystalline layer 80, 
e.g., an oxide or a spin-on-glass (SOG), on the 
whole surface of the polycrystalline layer, using a 
chemical vapor deposition or a thermal oxidation. 

FIG. 24 illustrates a step of forming an epitaxial 
mask 91a. Like the formation of etch-mask 90a in 
fourth embodiment, an anisotropic etching is car- 
ried out upon the material constituting epitaxial 
mask layer 91 down to the upper surface of poly- 
crystalline layer 80. Thus, epitaxial mask 91a is 
formed by leaving the oxide only in the grooves of 
rugged polycrystalline layer 80, and the upper por- 
tion of rugged polycrystalline layer 80 consisting of 
grains Is exposed. 

FIG. 25 illustrates a epitaxial growth step. Us- 
ing SiH2Cl2 + HCI system as a source and a 
hydrogen gas as a carrier, and using the exposed 
top portions of the rugged polycrystalline layer as a 
seed, the whole surface of the resultant structure 
on which epitaxial mask 91a is formed is epitaxially 
grown to a predetermined height, forming epitaxial 
grains 95. At this time, the predetermined height is 
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preferably 50-500A. 

FIG. 26 illustrates a step of removing epitaxial 
mask 91a. After the epitaxial growth step, epitaxial 
mask 91a is removed by a conventional method to 

5 obtain rugged polycrystalline layer 80 having epi- 
taxial grains 95. 

According to the above fifth embodiment, a 
capacitor electrode with large surface area can be 
obtained as In the fourth embodiment while the 

TO process is simple as compared with the phosphoric 
acid treatment. In addition, the etching damage 
occurring In the fourth embodiment can be de- 
creased. 

In the above-described all embodiments, it is 
15 without doubt that the processes for making the 
surface of the polycrystalline layer rugged can be 
carried out on the polycrystalline layer pattern 
which has been previously formed for a first elec- 
trode formation. Furthermore, the enhancement of 
20 the cell capacitance can be contrived such that the 
silicon nitride layer and a high-temperature oxide 
layer is stacked on the semiconductor substrate 
before patteming the polycrystalline layer, and 
then, after forming the first electrode, a partial 
25 removing of the high-temperature oxide layer is 
added. 

FIGs. 27 through 30 are sectional views show- 
ing the semiconductor devices by the embodi- 
ments of the methods for manufacturing the ca- 
se pacitor of the semiconductor device according to 
the present Invention. FIG. 27 shows a semicon- 
ductor device having the stacked capacitor struc- 
ture, FIG. 28 shows a semiconductor device having 
the cylindrical capacitor structure. FIG. 29 shows a 
35 semiconductor device having the trench capacitor 
structure, and FIG. 30 shows a semiconductor de- 
vice having the stacked-trench capacitor structure; 
all of these adopt the method according to the 
present invention. 
40 in FIGs. 27 through 30. a reference numeral 10 

denotes a semiconductor substrate. 12 is a selec- 
tively grown field oxide layer, 23 is a gate elec- 
trode, 14 is a source region. 16 is a drain region, 
100 is a storage electrode. 110 is a dielectric film. 
45 120 is a plate electrode. 19 is a bit line. 18 is a 
word line, 26 is an insulating layer, and reference 
symbols CI and C2 are capacitors. 

According to the method for manufacturing a 
capacitor of a semiconductor device, after doping a 
50 predetermined impurity on a polycrystalline layer 
consisting of microscopic grains having different 
crystalline structures from one another, the surface 
of a first electrode Is first rugged by an etching 
process of the polycrystalline layer, using an etch- 
55 ant which can especially etches the predetermined 
impurity, and then the surface of the first electrode 
is secondly rugged by proceeding an oxide layer 
growing and removing processed on the surface of 
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the rugged polycrystalline layer. Therefore, the 
adoption of the method to memory cells which are 
being increased in packing density, is expected, 
because it has regularity and reproducibility, and 
the extremely simple process makes the increase 6 
and adjustment of cell capacitance easy. 

In addition, by using the oxide layer or an 
anisotropic etching after exposing the surface of 
the first rugged polycrystalline layer, and then for- 
ming the micro-trenches or micro-pillars, or forming io 
epitaxial grains by epitaxial growth, cell capaci- 
tance can be further increased. 

While the present invention has been particu- 
larly shown and described with reference to par- 
ticular embodiments thereof, it will be understood i6 
by those skilled in the art that various changes in 
form and details may be effected therein without 
departing from the spirit and scope of the invention 
as defined by the appended claims. 

20 

Claims 

1. In a method for manufacturing a capacitor of a 
semiconductor device including a first elec- 
trode, a dielectric film, and a second electrode, 26 
a method for forming said first electrode com- 
prising the steps of: 

forming a polycrystalline layer (50a) com- 
posed of grains of microscopic structure to 
allow an impurity to be included within them, 3C 
on a semiconductor substrate; and 

etching said polycrystalline layer (50a) in- 
cluding said Impurity to cut into the boundary 
portions of said grains, so as to make the 
surface of said polycrystalline layer njgged. 3i 

2. A method for manufacturing a capacitor of a 
semiconductor device as claimed in claim 1, 
further comprising a step of patterning said 
polycrystalline layer (50a). performed after said 4i 
step of forming said polycrystalline layer. 

3. A method for manufacturing a capacitor of a 
semiconductor device as claimed in claim 1, 
before said step of making said surface of said 4 
polycrystalline layer rugged (50a). further com- 
prising the steps of: 

forming an oxide layer (52) on the whole 
surface of the resultant stmcture; and 

removing said oxide layer. s 

4. A method for manufacturing a capacitor of a 
semiconductor device as claimed in claim 1, 
after said step of making the surface of said 
polycrystalline layer rugged, further comprising s 
the steps of: 

forming an oxide layer (52) on the whole 
surface of the resultant structure; and 



removing said oxide layer. 

5. A method for manufacturing a capacitor of a 
semiconductor device as claimed in claim 1. 
after said step of making the surface of said 
polycrystalline layer rugged further comprising 
the steps of. 

forming an oxide layer (90), anisotropically 
etching said oxide layer formed on the resul- 
tant structure, and leaving said oxide layer 
between said grains constituting said poly- 
crystalline layer to form a mask (90a) com- 
posed of said oxide layer: and 

forming a micro-trench (1) in said poly- 
crystalline layer by anisotropically etching said 
rigged polycrystalline layer (80) to a predeter- 
mined depth, using said niask (90a) composed 
of said oxide layer as an etch-mask. 

6. A method for manufacturing a capacitor of a 
semiconductor device as claimed in claim 5. 
wherein said predetermined depth is smaller 
than of equals to the thickness of said poly- 
crystalline layer. 

7. A method for manufacturing a capacitor of a 
semiconductor device as claimed In claim 1, 
after said step of making the surface of said 
polycrystalline layer rugged, further comprising 
the steps of: 

forming an oxide layer (91), anisotropically 
etching said oxide layer formed on the resul- 
tant structure, and leaving said oxide layer 
between said grains constituting said poly- 
crystalline layer to form an epitaxial mask 
(91a) composed of said oxide layer (91); and 

growing an epitaxial silicon grain on the 
exposed portion of said rugged polycrystalline 
layer (80). using said mask (91a) composed of 
the oxide material. 

8. A method for manufacturing a capacitor of a 
semiconductor device as claimed in claim 1, 
wherein said impurity (70) is doped during or 
after depositing said polycrystalline layer. 

9. A method for manufacturing a capacitor of a 
semiconductor device as claimed in claim 8. 
wherein said impurity is doped again on the 
whole surface of the resultant structure after 
said step of making said surface of said poly- 
crystalline layer rugged. 

10. A method for manufacturing a capacitor of a 
semiconductor device as claimed in claim 1. 
wherein said step of making said surface of 
said polycrystalline layer (50a) rigged by cut- 
ting the boundary portions of said grains of 
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said polycrystalline layer (50) is carried out, 
using an etchant which can especially etch 
said impurity well. 

11. A method for manufacturing a capacitor of a 
semiconductor device as claimed In claim 10, 
wherein an phosphorus ion is used as said 
impurity (70), and a phosphoric acid is used as 
said etchant. 

1 

12. A method for manufacturing a capacitor off a 
semiconductor device as claimed in claim, 3, 
wherein said oxide layer (52) is formed via a 
chemical vapor deposition or a heat treatment. 

13. A method for manufacturing a capacitor of a 
semiconductor device as claimed in claim 1. 
wherein a polycrystalline silicon layer, an 
amorphous silicon layer, and a polycrystalline 
silicon layer having hemispherical grains are a 
used as said |X)lycrystalIine layer (50). 

14. A method for manufacturing a capacitor of a 
semiconductor device as claimed in claim 1, 
wherein the capacitor fonmation method for 25 
making said polycrystalline layer rigged is 
adopted to a stacked, a trench and a stacked- 
trench structures. 

15. A method for manufacturing a capacitor of a so 
semiconductor device as claimed in claim 1, 
further comprising the steps of stacking a sili- 
con nitride layer and a high temperature oxide 
(HTO) layer on the whole surface of said semi- 
conductor substrate before said step of pat- 35 
terning said polycrystalline layer (50); and re- 
moving a portion of said HTO layer after com- 
pleting said first electrode. 



17. A method for manufacturing a capacitor of a 
semiconductor device as claimed in claim I6. 
wherein said predetermined depth is less than 
or equal to the thickness of said polycrystalline 
layer (BO). 

18. A method for manufacturing a capacitor of a 
semiconductor device including a first elec- 
trode, a dielectric film and a second electrode, 
wherein a process for forming said first elec- 
trode comprises the steps of: 

forming a polycrystalline layer (80) having 
rugged surface on a semiconductor substrate: 

forming an oxide layer (91) on said poly- 
crystalline layer (80). anisotroplcally etching 
said oxide layer (91) formed on the resultant 
structure, and leaving said oxide layer between 
said grains constituting said polycrystalline lay- 
er to form an epitaxial mask (91a) composed 
of the oxide material: and 

growing an epitaxial grain (95) on the ex- 
posed portion of said rugged polycrystalline 
layer (80). using said epitaxial mask. 

19. A method for manufacturing a capacitor of a 
semiconductor device as claimed in claim 18. 
wherein said step of growing said epitaxial 
grain (95) is carried out. using SiH2Cl2 + HCI 
system as a source and using a hydrogen gas 
as a carrier. 



16. A method for manufacturing a capacitor of a 4o 
semiconductor device including a first elec- 
trode, a dielectric film and a second electrode, 
wherein a process for forming said first elec- 
trode comprises the steps of: 

forming a polycrystalline layer (80) having as 
nigged surface on a semiconductor substrate: 

forming an oxide layer (90) on said poly- 
crystalline layer (80). anisotroplcally etching 
said oxide layer formed on the resultant struc- 
ture, and leaving said oxide layer between said 50 
grains constituting said polycrystalline layer to 
form a mask (90a) composed of said oxide 
layer; and 

forming a micro-trench (1) in said poly- 
crystalline layer (80) by anisotropically etching 55 
said rugged polycrystalline layer to a predeter- 
mined depth, using said mask (90a) composed 
of said oxide layer as an etch-mask. 
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